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Introduction
In RAN1#85, the following was agreed:
Agreements:
· Study aperiodic CSI reporting in conjunction possibly with aperiodic RS (e.g. one-shot, multi-shot RS) transmission
· Aperiodic RS can be used for CSI measurement including channel measurement (e.g. using CSI-RS) and/or interference measurement (e.g. using IMR)
· Study on demand UE measurement/reports and TRP RS transmission for CSI measurement only when needed 
· Study aperiodic CSI procedure to support CSI triggering, CSI measurement and CSI feedback in certain time interval(s).  These three steps can happen in the same or different time interval.
· Study aperiodic CSI procedure using RS for CSI measurement e.g. CSI-RS, demodulation RS.
· Others are not precluded

In line with this agreement, in this contribution it is proposed that a dynamic CSI framework be adopted for NR with the aim of avoiding “always-on” reference signals and “always on” persistent reporting. Both aperiodic (single-shot), and time-limited periodic measurements/reporting are thus considered.
[bookmark: _Ref178064866]Discussion
In LTE, reference signals used for CSI acquisition, i.e., CSI-RS in the DL and SRS in the UL, are transmitted in a periodic fashion, with configurable periodicity. The on/off configuration of these RSs are in LTE made using RRC signalling, which has the well-known inflexibility drawbacks of  latency and activation time ambiguity. The use of RRC is a semi-static configuration of such signals which then more or less “always” are transmitted from a node. 
One of the key design goals for NR is to avoid such “always-on” signals motivated by both energy efficiency interference reduction and forward compatibility. Still CSI-RS is needed to perform accurate link adaptation and to satisfy this design goal, RSs used for CSI acquisition must then be transmitted in either an aperiodic (single-shot) or time-limited periodic fashion. In either case, it is desirable from a flexibility perspective, to schedule such transmissions dynamically, e.g., through L1 downlink control information (DCI) instead of the higher layer RRC configuration as used in LTE. 
In tandem with dynamic scheduling (triggering) of the RS transmission, it then makes sense to also trigger CSI measurement and reporting in a dynamic fashion. In this contribution, we discuss how such triggering may work, focusing on downlink operation since CSI feedback is generally provided from the eNB to the UE. The goal is to establish a framework that can be used as a starting point in the design of the precise CSI acquisition scheme for NR. Note that while we focus on the downlink in this contribution, at least the principle of dynamic scheduling of the RS transmissions can also be used when discussing the corresponding framework for the uplink. 
In [1], we proposed to strive to design a CSI framework, whereby CSI measurement, CSI reporting, and transmission of the RSs for CSI acquisition are triggered in a dynamic (aperiodic) and/or time-limited periodic fashion. By dynamic we mean L1 control signalling. 
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Aperiodic (single-shot) fast CSI Acquisition
From a CSI accuracy perspective, it is desirable to have CSI feedback from the UE to the eNB in as timely a manner as possible. Ideally, CSI reporting should occur in the same subframe as the RS used for CSI measurement, here denoted as fast CSI feedback. While the frame structure for NR has not been decided yet, there seems to be general understanding around using the “building” blocks [2] shown in Figure 1.
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[bookmark: _Ref456351893]Figure 1: Uplink and downlink "building blocks"
For TDD, the downlink duration TDL and the uplink durations TUL are dynamic (per subframe) and are indicated (amongst other things) in downlink control transmission (DCI) located near the beginning of the subframe. In between the downlink and uplink transmissions a short guard time is used to allow for switching.
With this structure in mind, and using DL CSI acquisition for TDD as an example, aperiodic (single-shot) fast CSI acquisition is illustrated in Figure 2
[image: ]
[bookmark: _Ref456353289]Figure 2: Aperiodic (single-shot) fast CSI acquisition
The DL control information (DCI) is assumed to indicate the presence of an RS transmission (the yellow block) to be used for CSI measurement. The precise design of the CSI reference signal is still FFS; however, to enable fast CSI feedback (feedback in same subframe as the RS), the ports on which a given UE measures need to be contained within the same subframe, rather than multiplexed over different subframes. To enable the UE sufficient time to process the CSI measurement, it may be necessary to locate the RS for CSI measurement early in the subframe. If so, then it would also be necessary to have a compact RS design in the time dimension. In other words, the REs of the reference signal ports should be contained within as few OFDM symbols as possible rather than spread out across the subframe. In setting such requirements, one must keep in mind requirements on the placement of other RSs, e.g., RSs for demodulation of control and data, which also may need to occur early in the subframe.
In the same DCI containing the indication of the CSI-RS, the UE needs to be triggered to measure CSI based on the CSI-RS and further to report CSI during the UL portion of the same subframe. The precise location of the CSI report transmission is also FFS; however, to allow the UE maximum processing time it should occur near the end of the UL portion of the subframe. Summarizing the above approach, we make the following proposal:
[bookmark: _Toc456344275][bookmark: _Toc456350591][bookmark: _Toc456350692][bookmark: _Toc456350813][bookmark: _Toc456351117][bookmark: _Toc456360149][bookmark: _Toc456702318][bookmark: _Toc456703199]Support aperiodic (single shot) fast CSI acquisition, a CSI RS transmission is dynamically scheduled within a given subframe, and the UE is triggered to report a CSI measurement based on only that RS within the same subframe.
Note that the above example is for DL CQI acquisition for the case of TDD. For the case of FDD, it is not possible to have the CSI feedback within the same subframe since the UL subframe transmission is already underway when the DL CSI RS is scheduled in the DL subframe. Hence, if the CSI RS is transmitted in subframe n, then the earliest possibility for transmission of the UL CSI report is in subframe n+1.
It is also possible to study further relaxation on the CSI calculation before the reporting instant which occur k≥0 subframes later than the CSI-RS transmission. For instance, when high resolution CSI feedback is used which demands more processing in the terminal, then a larger k value can be used. Still, to keep the dynamic flexibility of CSI reporting, the value k subframe delay before CSI-RS and the report should be variable and k is indicated in the DCI that triggers the aperiodic CSI acquisition. The value k=0 then corresponds to the same subframe fast CSI feedback.  
The CSI report in aperiodic CSI acquisition is transmitted k≥0 [subframes] later than the [subframe] containing the triggering DCI and the CSI-RS where k is dynamically indicated in the DCI format. 

Time-limited Periodic CSI Acquisition
[bookmark: _GoBack]We make a distinction between two different cases of time-limited periodic CSI acquisition. In both cases, the reference signals used for CSI measurement are scheduled in a periodic manner during a limited timeframe. Moreover the MR for channel and MR for interference can independently be configured to be ON or OFF.
For the first case, CSI-RS transmissions as well as CSI measurement reports are also reported periodically during this timeframe, for example with measurement restriction (MR) ON, meaning that no time averaging is applied across measurement reports. In contrast, for the second case, the CSI measurement report is reported aperiodically, and only when triggered by the eNB at one or more instances during the timeframe. In this case, measurement restriction is either ON or OFF, in the latter meaning that the UE may apply time-averaging across measurement reports. It is FFS, whether or not both of these options are needed; however, for discussion purposes and for future evaluations, we put both on the table for now.
The first case with periodic measurement reports and MR ON is shown in Figure 3. In this case, at the start of a CSI acquisition time window, the eNB indicates a measurement/report request START message in DCI along with MR ON. It is FFS what combination of higher layer semi static configuration and dynamic DL control messaging is used to indicate the periodicity of the CSI reference signals as some parts can be pre-configured by higher layers and then activated by the DCI. 
However, it may be implicitly assumed that the UE reports CSI in the same subframe as each CSI reference signal, with no time-averaging used across measurement reports since MR is ON. At the end of the CSI acquisition time window, the eNB indicates a measurement/report request STOP message.
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[bookmark: _Ref456358996] Figure 3: Time-limited periodic CSI acquisition with periodic reporting and measurement restriction ON
The second case example with aperiodic measurement report(s) and MR OFF is shown in Figure 4. In this case, at the start of the CSI acquisition time window, the eNB indicates a measurement request START message along with MR OFF. At the end of the CSI acquisition time window, the eNB indicates a measurement report request, which implicitly indicates that measurements should be stopped as well. In this case with MR OFF, the UE is allowed to apply time averaging of CSI measurements before reporting at the end of the window.
Another configuration (not shown) is to use MR ON in this case. This would make it possible to only report CSI on a single specific CSI-RS transmission that the network is interested in. The other CSI-RS transmissions would then correspond to ‘empty slots’ or used by another UE in MU operation
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[bookmark: _Ref456359035]Figure 4: Time-limited CSI acquisition with aperiodic reporting and measurement restriction OFF
Summarizing the above approaches, we make the following proposal:
[bookmark: _Toc456350592][bookmark: _Toc456350693][bookmark: _Toc456350814][bookmark: _Toc456351118][bookmark: _Toc456360150][bookmark: _Toc456702319][bookmark: _Toc456703200]For time-limited periodic CSI acquisition, a CSI RS is dynamically scheduled in a periodic manner during a limited timeframe, and the UE is triggered to report a CSI measurement based on that RS on one or more occasions within that timeframe.
For time-limited periodic CSI acquisition, measurement restriction (MR) can be configured ON or OFF in order to cover different use cases and for channel and interference independently
Conclusions
In this contribution, we have discussed a proposal for designing a dynamic CSI framework that satisfies one of the key goals of NR, namely, avoiding “always-on” reference signals. We propose the following
[bookmark: _In-sequence_SDU_delivery]Proposal 0		Support both aperiodic (single shot) and time-limited periodic CSI acquisition where both are controlled (e.g. trigger, start, stop) by DCI. Some related parameters may be pre-configured by higher layers (similar to RRC in LTE).
Proposal 1 	Support aperiodic (single shot) fast CSI acquisition, a CSI RS transmission is dynamically scheduled within a given subframe, and the UE is triggered to report a CSI measurement based on only that RS within the same subframe.
Proposal 2	The CSI report in aperiodic CSI acquisition is transmitted k≥0 [subframes] later than the [subframe] containing the triggering DCI and the CSI-RS where k is dynamically indicated in the DCI format. 
Proposal 3	For time-limited periodic CSI acquisition, a CSI RS is dynamically scheduled in a periodic manner during a limited timeframe, and the UE is triggered to report a CSI measurement based on that RS on one or more occasions within that timeframe.
Proposal 4	For time-limited periodic CSI acquisition, measurement restriction (MR) can be configured ON or OFF in order to cover different use cases and for channel and interference independently
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